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The sensitivity of Saccharomyces revisiae to the antibiotic cordycepin (3'-deoxyadcnosine) was found to be decreased by the addition of thiamin 
to the growth medium. A thiamin transport mutant of S. cerevisiae was also found to bc resistant to the growth inhibitory effect of¢ordyeepin. 
Not only the thiamin uptake but also adenosine uptake by this mutant cell was markedly t~duecd compared to those by the parent yeast cells. 
This strongly suggested that eordyc~pin, an analog of adenosine, isvirtually taken up by the thiamin transport system of growing yeast ceils; thus 
the drug sensitivity is decreased by the presence of thiamin in the growth medium. 
Cordycepin; Thiamin; 3'.Deoxyadenosine; Saeeharo~o,ces revlsiae 
1, INTRODUCTION 
The antibiotic cordycepin (Y-deoxyadenosine) is an 
analog of adenosine which preferentially inhibits cellu- 
lar nucleic acid synthesis [1]. It has been reported that 
some microorganisms are sensitive to inhibition by the 
drug (e.g. Bacillus subtilis), while others are drug-resis- 
tant (e.g. yeast) [2]. However, we have recently found 
that S. cerevisiae is sensitive to cordycepin when it is 
grown in thiamin-free minimal growth medium. In this 
paper we describe that cordycepin sensitivity of yeast 
observed in the growth medium free of thiamin is de- 
creased by the addition of low concentrations of thi- 
amin to the growth medium, and a thiamin transport 
mutant of S. cerevisiae is resistant to the growth inhib- 
itory effect of this drug. This suggests that the uptake 
of the drug by growing yeast cells is affected by the 
vitamin. Evidence showing that adenosine, and proba- 
bly cordycepin, share a common transport system with 
thiamin in growing cells of S. cetevisiae is also pre- 
sented. 
2. MATERIALS AND METHODS 
2.1. Organism~ and growth conditions 
S. rere~tstae obtained as a clonal isolate of commercial baker's yca-~t 
(Orientai'~ and a thiamin transport mutant of $. cerevisiae (PT-R2) 
isolated by the procedure previously described [3] were used. Mutants 
resistant to eordycepin were isolaled after treatment with eth- 
ylmethane sulphonate [4]. For growth studies the yeasts were incu- 
bated at 30°C for 24 h, without shaking, in 5 mi thiamin-free Wicker- 
hams minimal medium [5] in the presence and absence of cordycepin 
or other drugs. Growth was measured as the optical density at 560 nm. 
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2.2. Assay of /~'C]adenosine uptake 
The yeasts were grown at 30°C lbr 24 h, without shaking, in 5 ml 
thiamin-free minimal medium in the presence of 10~tM [~'C]adenosine 
(9,774 dpm/nmol). After incubation, the cells in 1.0 ml were quantita- 
tively filtered on a nitrocellulose filter (0.65 ~m pore size), followed 
by one wash with 10 ml of 0.05 M potassium phosphate buffer (pH 
5.0). The filters were immediately removed from the suction appara- 
tus, dried, and put into scintillation vials containing 10 ml scintillation 
fluid, and radioactivity was measured. The incorporation f [~C]ade. 
nosine into the acid-insoluble fraction was measured similarly, except 
that the yeast cells grown with 10/tM [t~C]adenosine were collected 
on the filters and treated with 10 ml cold 5% trichloroacetic acid for 
10 rain and washed twice with 10 ml cold 5% trichloroacetic a id; the 
filters were dried and the radioactivity was measured as described 
above. The [~4C]adenosine uptake was expressed as nmol [14C]ade- 
nosine (nag dry weight) -;. 
2.3. Assuy of [l*CJthiamtn uptake 
The uptake of [*aC]thialnin was determined by the method previ- 
ously described [6], 
2.4. Chen~icals 
[t4C]adcnosine ([8-~C]adenosine, 1.85 GBq/mmol)and [t~C]thiamin 
([thiazole.2-t~C]thiamin hydroehloride, 899 MBq/mmol) were pur- 
chased from Amersham International (UK). Cordycepin was the 
product of Sigma Chemical Co. All oth,~r chemicals were purchased 
from commercial suppliers. 
3. RESULTS AND DISCUSSION 
Fig. 1 shows the effect of cordycepin on the growth 
of S. cerevisiae. The growth of S. cerevisiae in the syn- 
thetic omplete (SC) medium which was used by Ander- 
son et al. [2], was inhibited for 73% by this drug at a 
concentration f 0.1 mM and the ICs0 (concentration 
required for 50% growth inhibition) of cordycepin was 
38/zM (Fig. 1). On the other hand, S. cerevisiae grown 
in thiamin-free Wiekerham's minimal medium was 
found to be much more sensitive to cordycepin (!Cs0:90 
nM) than that grown in SC meciium. This sutggests hat 
SC medium contains a substance that reduc,.s cordyce- 
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Fit. 1. Inhibition by cordyccpin of growth orS. cerevisiae. The yeasts 
were grown at 30°C for 24 h, without shaking, in 5 ml SC medium (o) 
and thiamin-free WiekerEam's minimal medium (o) containing the 
indicated concentrations of eord~,cepin. Growth was measured as the 
optical density at 560 nm and the value in the absence of cordycepin 
was expressed as 100%. Each point represents he mean of two inde- 
pendent experiments. 
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Fi t. 2. Effect of cordycepin on growth of a thiamin transport mutant 
ors. cerevis/ae. The growth orS. cerevtaiae (o) and a thiamin transport 
mutant (PT.R2) (o) in 5 ml thiamin-fr¢¢ Wickerham's minimal me- 
dium containing the indicated concentrations f cordycepin was m~s- 
ured as described in the legend for Fig. 1. Each point represents the 
mean of two independent xperiments. 
pin sensitivity in S. cerevisiae. To identify this sub- 
stance, we supplemented the minimal medium s3,stemat- 
ically with compounds that are present in the SC me- 
dium but not in the minimal medium. The growth inhi- 
bition of S. cerevisiae in minimal medium containing 10 
,uM cordycepin was almost completely restored by the 
addition of 1 pM thiamin, which is included in the SC 
medium at approximately 4 pM (Table I). No other 
compound was found to make the growing yeast sensi- 
tive to cordycepin. Neither adenosine nor 2"-deoxyad- 
enosine was effective at 100-fold concentrations higher 
than cordycepin. 
In order to determine the site of thiamin action on the 
cordycepin sensitivity in S. cerevisiae the effect of 
eordycepin on the growth era  thiamin transport mutant 
Table I 
Eff~t ot" thiamin on the growth inhibition of $. cerevisiae by cordyce- 
pin 
AdditioIl (aM) Growth (ODs~o) 
None 0.700 
Cordycepin (10) 0.040 
*Thiamin (0,1) 0.170 
+Thiamin (I.0) 0.600 
+Adenosine (1,000) 0.040 
+2"-deoxyadenosine (1,000) 0,040 
The yeast was grown at 30oc for 24 h, without shaking, in 5 ml 
thiamin-free Wick¢rh,'-m's minimal medium in the absence or presence 
of 10/~M cordycepin. Thiamin, adenosine, or 2'-d~oxl/adenosin¢ was 
added to the culture medium at the indicated concentrations. Growth 
was measured as the optical density at 560 nm. Values are averages 
of two independent experiments. 
of S. cerevisiae (PT-R2), which was found to be almost 
totally defective in thiamin uptake [3], was then investi- 
gated. As shown in Fig. 2 the mutant was more resistant 
to eordycepin than the parent strain. The lose of 
cordycepin in this mutant was 21 ,uM, which was 233- 
Fold greater than that of the parent strain. These find- 
ings strongly suggested that cordy~pin is taken up by 
a common transport system with thiamin in the growing 
yeast cells; thus thiamin can reduce the sensitivity of 
S. cerevisf_ae to the drug. However, cordycepin at higher 
concentrations, appeared to enter the yeast c~lls by an- 
other transport mechanism, probably diffusion, since 
thiamin was no longer effective to restore the growth 
inhibition induced by 0.1 mM cordyc~pin (data not 
shown) and the growth of PT-R2 was inhibited by 
cordycepin at 1/2M concentrations or above (Fig. 2). 
Since the findings described above strongly suggest 
that the effect of thiamin is related to the cellular avail- 
ability of cordycepin by growing yeast we examined the 
uptake of adenosine, an analog of cordycepin, by grow- 
ing cells of S. cerevisiae in the presence of  thiamin. The 
[~4C]adenosine uptake was decreased dose-dependently 
by the addition of thiamin to the culture medium (Table 
1I), and PT-R2 was found to have a markedly reduced 
adenosine uptake, which indicated that adenosine, 
probably cordycepin, is virtually taken up by the thi- 
amin transport system of growing yeait cells. The phe- 
nomenon that adenosine and thiamin share a common 
transport system in growing ceils of S. cerevisiae is inter- 
esting, and some enzyme reactions common to nucleo- 
tides and thiamin phosphates have been rcpor~ in 
mammalian tissues [7,8]. Among the nueleosides other 
than adenosine, only cytidine was Found to be taken up 
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"Fable 11 
Effect of thiamin on the uptake of [~4C]adenosine by growing eelh of 
S, cerevisiae 
Addition (,aM) [~C]adenosine uptake 
(nmol/mg dr)' weight) 
None 11,5 
+Thiamin (0,03) 5,70 
+Thiamin (0,1) 1,63 
~-Thiamin (1.0) 0,47 
None* 1.0 
Assay of [14C]adeaosine uptake by growing cells of S. cerevi~iae was 
carried out a~ deacribed insection 2, Thiamin was added to the growth 
medium at the indicated concentrations. Values are averages of two 
independent experiments. 
*A thiamin transport mutant of S, cerevisiae (PT-R2) was used, 
Table Ill 
Some properties of mutants of S. cerevisiae resistant to cord~cepin 
Parent strain CD-R1 CD-R2 
ICsn ofcordycepin 90 nM 7,9/tM 240/~M 
[taC]thiamln uptake (%) 100,0 1,8 97,8 
[~C]adenosine uptake (%) 100.0 10,9 136,5 
Incorporation i to acid- 
insoluble fraction in 
total uptake (%) 73.2 - 30,2 
Assa~ of [l~C]thiamin and p'~C]adenosine uptake by yeast cells was 
carried out a~ described in section 2. Valuc~ are averages of two 
independent experiments, 
by the thiamin transport system of growing yeast cells, 
but its uptake was only 5.9% of that of adenosine. 
Among several nucleoside-type antibiotics tested, 
other than eordycepin, formycin A and tubercidin, 
which are adenosine-type antibiotics, were found to 
have inhibitory activity on yeast growth cultured in 
Wickerham's minimal medium, but they were less effec- 
tive than cordycepin. The IC~0 of formycin A and tuber- 
cidin was approximately 0.4~tM and 8/.tM, respectively. 
These values were increased to approximately 70/.tM 
and more than I raM, respectively, when PT-R2 was 
used as a test organism (data not shown). These findings 
show that both formycin A and tubercidin are also 
taken up by the thiamin transport system in growing 
yeast cells and their inhibitory effects on yeast growth 
can be alleviated by thiamin. 
We further isolated two mutants, CD-R1 and CD- 
R2, which are resistant o the inhibitory action of 
cordyeepin, by methylethane sulphonate treatment 
from S. cerevisiae. Table III shows some properties of 
these two mutants. CD-R1 and CD-R2 were about 88- 
and 2670-fold more resistant to eordycepin than their 
parent strain, respectively. Since CD-R1 had markedly 
reduced activities of both thiamin and adenosine up- 
takes, its resistance to cordycepin was thought o have 
resulted from an impairment in the uptake of cordyce- 
pin by this mutant as observed in PT-R2. PT-R2 was 
selected by the use of pyrithiamin, an antagonist of 
thiamin [3]. However, the antibiotic ordycepin is also 
applicable to isolate thiamin transport mutants from 
S. cerevisiae. On the other hand, CD-R2 could take up 
both thiamin and adenosine just as well as the parent 
strain, but there was a marked ifference inthe distribu. 
tion of [J4C]adenosine taken up by growing cells be- 
tween the parent strain and CD-R2; the incorporation 
of [~4C]adenosine i to the acid-insoluble fraction in the 
parent yeast cells was 73.2% the total uptake, whereas 
it was only 30.2% in the mutant cells. These findings 
suggest that the incorporation of adenosine into RNA, 
namely the conversion ofcordycepin to a more active 
form [1] than the free nucleoside itself, is impaired in 
CD-R2, resulting in the high resistance of this mutant 
to cordycepin. However, the precise biochemical lesion 
in CD-R2 and the mechanism of its resistance to the 
drug remains to be clarified. 
It is finally concluded that the cordycepin sensitivity 
in S. cerevisiae is decreased by thiamin in the growth 
medium, since the antibiotic and thiamin share a com- 
mon transport system in the growing yeast cells. Thus, 
not only the presence of thiamin in the growth mediuln 
but also the thiamin transport activity of this organism 
can affect he cordycepin sensitivity in S. cerevisiae. 
REFERENCES 
[I] Guarino, A.J., in: Antibiotics, Mechanism of Action (D. Gottlieb 
and P.D. Shaw, Eds.) Vol. 1, Springer, New York, 1967, pp. 
468--480. 
[2] Andersoa, J.M. and Rotla, R,M, (1974) Biochim, Bioph2/s, Acta 
335, 285-289. 
[3] iwashima, A., Wakaba)'ashl, Y, and Nose, Y. 0975) Biochim, 
Biophys, Acta 413, 243-247, 
[4] Hawthorone, D,C. (1969) Mutat. Res. 7, 187-197. 
[5] Wickerham, L..I. (1951) US Dept. Agric. Tech. Bull. 1029, 1-56. 
[6] Iwashima, A., Nishino, H. and Nose, Y. 0973) Bioehim. Bio- 
ph)'s. Acta 330, 222-234. 
[7] Yamazaki, M. and Hayaishi, O. 0968) .I. Biol. Chem. 243, 2934-- 
2942. 
[8] Shikata, H,, Koyama, S,, Egi, Y,, Yamada, K. and Kawasaki, T, 
(1989) Bioehem, lnt, 18, 933-942, 
62 
